, a Introduction
Ca 2ϩ channel blocker, suggesting that they were Na ϩ spikes rather than Ca 2ϩ spikes. This result differs from The photocurrent of retinal photoreceptors primarily reflects light-activated biochemical processes in the outer the previous observations done on cold-blooded vertebrate retinae, whose photoreceptors did not generate segment ( clearly stained by Lucifer yellow; however, the outer in 2 out of 3 rods and a single action potential in one rod ( Figure 2C ). These action potentials were also segment did not stain ( Figure 1B) , probably due to a partial loss of outer segments caused by the retinal blocked by 1 M TTX ( Figure 2D ). This suggests that they were Na ϩ spikes rather than Ca 2ϩ spikes. detachment. The rod-shaped inner segment suggests that the recorded cell is a rod photoreceptor. In the Because a light stimulus hyperpolarizes photoreceptors by reducing the cGMP-gated inward current in the present study we selectively recorded from these rods.
outer At the termination of hyperpolarizing current steps (Ϫ80 from the resting level (Ϫ58 Ϯ 4 mV; mean Ϯ SEM, n ϭ 13) by injection of steady negative current. This condition is and Ϫ100 pA), prominent action potentials were observed ( Figure 3A ; n ϭ 3). This suggests that the terminaequivalent to a steady light stimulus, as the steady light keeps a rod hyperpolarized (Yau and Baylor, 1989; Torre tion of the light stimulus might elicit Na ϩ spikes in human rods. Being that the photocurrent is known to decay et al. creased gradually (Figure 3B ), probably due to inactivaNa ϩ spikes. After the termination of the command pulse, a slowly decaying outward tail current was observed tion of the voltage-gated currents in the inner segment and/or axon. The spikes were blocked by 1 M TTX (asterisk in Figure 4A ). To relate the voltage-gated Na ϩ currents to the fast ( Figure 3C ). This strongly suggests that Na ϩ action potentials would be elicited in human rods when a light is action potentials in human rods, their kinetics were analyzed in detail. The decay phase of the Na ϩ currents turned off.
induced by depolarization to Ϫ40 mV could be fitted by a single exponential function of a time constant of 1.6 Voltage-Gated Na Ϫ100 pA generated marked Na ϩ spikes ( Figure 3A) . In Activation and inactivation curves of the transient inthe former condition the membrane potential was hyperward currents in human rods are also different from polarized to approximately Ϫ60 mV, whereas in the latter those of T type Ca 2ϩ currents in other preparations. The conditions it was hyperpolarized to approximately half-activation voltage of the transient inward currents Ϫ70 mV. Therefore, in order to generate Na ϩ spikes, the in human rods was Ϫ35 mV, and their half-inactivation membrane potential of primate photoreceptors would voltage Ϫ65 mV (Figures 5C and 5D) . These values are require a greater negative voltage than Ϫ70 mV to re-‫01ف‬ mV more positive than those of T type Ca 2ϩ currents move inactivation of voltage-gated Na ϩ currents. This in other tissues (Nowycky et al., 1985; is consistent with the value of the inactivation curve of 1989; Kawai et al., 1996) . Furthermore, the transient inthe Na ϩ currents ( Figure 5D ). ward currents in human rods were completely blocked Using recording pipettes filled with a high chloride by 1 M TTX. These results strongly suggest that the concentration (140 mM KCl), we observed a single action human rods express at the least voltage-gated Na ϩ potential in human rods (Figure 2A) . In contrast, when channels in their inner segments and/or axons. In the we used recording pipettes filled with a low chloride present study, however, we added 1 mM Co 2ϩ to the concentration (15 mM KCl ϩ 125 mM potassium glucobath solution in order to block synaptic inputs from other nate), repetitive firings were recorded in 2 out of 3 rods neurons; we cannot exclude the possibility that human ( Figure 2C ), which is similar to continued spiking current rods may also express T type Ca 2ϩ channels. responses reported in the monkey cones (Schnapf et al., 1990 
